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Abstract  
Yittrium-90 (Y-90) is a radioisotope having half-life 64 hour and emitting strong energy beta radiation at 2.28 MeV. It is one of 
the radionuclides suitable to the applications in targeted therapy. Y-90 can be generated from radioactive decay of strontium-90 
(Sr-90), which is one of the fission products of uranium fuel in the nuclear reactor. Y-90 must be highly pure and free form Sr-90 
and other metal ions to get high efficient uses. In this study, process for separation of Y from Sr in 4-7 M HNO3 with extraction 
chromatography technique has been investigated using column of Sr resin, column of RE resin and combined columns of both 
resins. Most feed solutions used in the study contained Y and Sr at the concentration ratio of Y : Sr around 0.18 : 756 to simulate 
the equilibrium composition ratio of their radionuclides, Y-90 and Sr-90. It was found that a series of 3 columns packed with 
0.35 g Sr resin each was required to adsorb Sr up to 4 mg from 4 mL feed in 4 M HNO3 and Y was barely adsorbed by Sr resin. 
A column packed with 0.25 g of RE resin could be used to continuously purify Y in effluent from Sr column by selectively 
adsorb Sr. The adsorbed species could be eluted with dilute nitric acid, 0.05-0.1 M. Feed solution spiked with trace of Sr-90/Y-90 
was also used to determine the purity of the obtained Y product and it was found that the activity ratio of Sr-90 to Y-90 was in 
the order of 10-4. This process was found to be simple to operate continuously and the recovery of Y-90 was higher than 80%. 
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1. Introduction 
Yttrium-90 (Y-90) is a pure E particle emitting radionuclide which is well suitable to the applications in targeted 
therapy. This radioisotope emits a strong beta radiation with maximum energy at 2.28 MeV while it has a short half-
life of 64 hr. The product of Y-90 decay is zirconium-90 which is a stable isotope. The effectiveness of Y-90 in 
conjunction with antibodies for the treatment of several kinds of cancer has been reported [1-2]. 
Y-90 can be generated from the beta decay of strontium-90 (Sr-90), which is one of the main fission products of 
uranium in the nuclear reactor and Sr-90 can be obtained from the reprocessing of spent nuclear fuels. A regular 
production of Y-90 from a purified Sr-90 solution is then possible. However, Y-90 must be highly pure and free 
form Sr-90 and other metal ions to have high efficient uses as Sr-90 can be accumulated in bones causing depression 
of marrow and the metal ions can interfere with the compound labeling. Thus, the process for the separation and 
purification of Y-90 from Sr-90 is of great interest [3-4]. 
Different methods such as precipitation, solvent extraction, ion exchange and extraction chromatography have 
been employed to separate and purify Y-90 from Sr-90. The extraction chromatography using solvent impregnated 
resins has been applied widely for trace metal separation and recovery. This method combines the advantages of 
both solvent extraction and ion exchange techniques to increase mass transfer rate of target ions with high 
distribution and selective factors, simplicity of equipment and operation and applicability for the processing of dilute 
solutions [5-6]. 
In this work, the separation of Y-90 from Sr-90 by extraction chromatography was studied using combined 
columns of commercial solvent impregnated resins namely Sr resin and RE resin. The suitable operating conditions 
for this separation process were investigated. 
2. Materials and methods 
The experiments were carried out first using feed of stable isotopes of yttrium and strontium to determine the 
suitable operating conditions for the separation process. Then separation of the radioisotopes, Y-90 and Sr-90, was 
investigated at a proper condition. 
2.1. Materials 
Feeds of the stable isotope Y and Sr mixture in nitric solution were prepared from standard Y solution of 1,000 
mg/L in 2% HNO3 supplied by PlasmaCAL and standard Sr solution of 1,000 mg/L in 0.5 M HNO3 supplied by 
Merck. Acidity of feed solution were adjusted to 4-7 M HNO3 and the concentrations of Y and Sr were varied at 
0.03-0.18 mg/L and 150-756 mg/L, respectively. 
Sr resin and RE resin used in the study having the size of 50-100 Pm were obtained from Eichrom Industries. 
The first resin is polymeric resin impregnated with 1.0 M crown-ether (4,4’(5’)-di-t-butylcyclohexano-18-crown-6) 
dissolved in octanol and the second resin is impregnated with 1.0 M n-octyl(phenyl)-N,N-diisobutylcarbamoyl-
methylphosphine oxide (CMPO) dissolved in tri-n-butyl phosphate (TBP). Sr resin is Sr selective resin while RE 
resin is rare earths selective resin. 2-mL polypropylene tubes with an inner diameter of 1 cm and a height of 3.5 cm 
were used as the extraction chromatography columns. Sr column contains 0.35 g of Sr resin and RE column contains 
0.25 g of RE resin. Several columns can be connected in a series to increase amount of resin used. 
2.2. Separation of Y from Sr with Sr resin 
The experiments for the separation of Y from Sr using Sr resin were carried out in the following conditions: 
varying acidity of feed at 4-7 M using 1 Sr column, varying volume of feed at 1-4 mL with 1 Sr column, using 1-3 
Sr columns with feed of 4 M acidity and varying elemental concentration of feed at Sr 150-756 mg/L and Y 0.03-
0.18 mg/L with 3 Sr columns. The concentration ratio of Y : Sr in these experiments was fixed at 0.18 : 756 to 
simulate the composition ratio of their radionuclides, Y-90 and Sr-90, at equilibrium mixture used in the actual 
separation process. The separation process consisted of 3 steps: feed solution was first loaded into Sr column 
followed by HNO3 with acidity similar to the feed acidity and volume of 8-11 mL to rinse the column and then 12 
mL 0.05 M HNO3 was used to elute the adsorbed species from the column. All solutions are fed continuously at a 
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constant flow rate of 0.3 mL/min. The effluence from the column was collected in 2-mL fraction and analyzed with 
ICP-AES. 
2.3. Separation of Y from Sr with RE resin 
The feed used to study the separation of Y from Sr with RE resin was fixed the concentration ratio of Y to Sr at 1 
: 1 to simulate the expected composition of Y and Sr in the effluent of feed from the Sr column. The concentration 
of each element in the feed was around 0.1 mg/L and the feed acidity was varied at 4-7 M HNO3. The separation 
was also carried out in 3 steps: 4 mL of feed was first loaded into RE column, rinsed with 8 mL HNO3 of similar 
molarity and eluted with 12 mL of 0.1 M HNO3. All solutions are also fed at a flow rate of 0.3 mL/min and 2-mL 
effluent fractions were collected.  
2.4. Separation of Y from Sr with combined Sr resin and RE resin 
In this study, 3 Sr columns and 1 RE column were connected in series and the feed solutions were arranged as 
shown in Fig. 1. The experiment was carried out with 4 mL feed containing 0.18 mg/L of Y and 756 mg/L of Sr in 4 
M HNO3. This process was the joined separation steps of Sr columns and RE column. The effluent of feed and rinse 
solution from the Sr columns was continuously fed to the RE column. Then 12 mL of 0.05 M HNO3 and 0.1 M 
HNO3 were used to elute the adsorbed species from the Sr columns and the RE column, respectively. The 
experiment was also carried out using the feed spiked with trace amounts of Sr-90/Y-90 at total activity around 50 
PCi. 
 
 
Fig. 1. Flow diagram of Y and Sr separation with combined columns of Sr and RE resins. 
3. Results and discussion 
3.1. Separation of Y from Sr with Sr resin 
In most experimental cases, 4 mL of feed was used and the concentration of Sr and Y was fixed around 400 and 
0.07 mg/L, respectively. When a single Sr column was used with feed in 4-7 M HNO3, the concentration profiles of 
Sr and Y in the effluent fractions are shown in Fig. 2 and their portions in the effluent fractions are shown in Table 
1. These indicate that most of Y was not adsorbed in an Sr column while about 40% of Sr was adsorbed. All 
adsorbed Sr could be eluted with 8-12 mL of 0.05 HNO3. It is noted that all Y in feed with 4 M acidity was able to 
pass through the Sr column. 
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Fig. 2. Concentrations Sr and Y in the effluent fractions from a Sr column with 4 mL feed in 4-7 M HNO3. 
 
Table 1.  Portion of Sr and Y in the effluent fractions from a Sr column with 4 mL feed in 4-7 M HNO3. 
Feed Fraction Sr portion, % Y portion, % 
 4 M 
4 M HNO3 57.84 100.00 
0.05 M HNO3 42.16 0.00 
5 M 
5 M HNO3 62.86 98.69 
0.05 M HNO3 37.14 1.31 
6 M 
6 M HNO3 63.33 99.34 
0.05 M HNO3 36.67 0.66 
7 M 
7 M HNO3 56.26 98.67 
0.05 M HNO3 43.74 1.33 
 
When the volume of feed in 4 M HNO3 was varied from 1 to 4 mL as the results shown in Fig. 3 and Table 2, it is 
seen that although the volume of feed was reduced from 4 to 1 mL, a single Sr column was not able to adsorb all Sr 
species from the feed. The adsorption of Sr in the Sr column seems to increase from 42.16 to 71.43% as the feed 
volume was decreased from 4 to 1 mL. However, when the mass of adsorbed Sr was calculated according to the 
volume of feed and the mass of Sr resin used in the column, the adsorption of Sr was found to decrease from 1,928.5 
to 856.6 Pg Sr/g resin as the feed volume was decreased from 4 to 1 mL. It is also seen that nearly 100% of Y was 
not adsorbed in the Sr column. 
 
Fig. 3. Concentrations Sr and Y in the effluent fractions from a Sr column with feed 1-4 mL in 4 M HNO3. 
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Table 2.  Portion of Sr and Y in the effluent fractions from a Sr column with 1-4 mL feed in 4 M HNO3. 
Feed Fraction Sr portion, % Y portion, % 
1 mL 
4 M HNO3 28.57 98.85 
0.05 M HNO3 71.43 1.15 
2 mL 
4 M HNO3 48.25 100.00 
0.05 M HNO3 51.75 0.00 
3 mL 
4 M HNO3 56.80 99.14 
0.05 M HNO3 43.20 0.86 
4 mL 
4 M HNO3 57.84 100.00 
0.05 M HNO3 42.16 0.00 
 
When 1 and 2 Sr columns were consecutively added to a Sr column, the adsorption of Sr was seen to increase as 
shown in Table 3 and Fig. 4. The Sr species from 4 mL feed in 4 M HNO3 was completely adsorbed as 3 columns of 
Sr resin were employed. In fact, 99.84% of Sr was already adsorbed with 2 Sr columns. The concentration profile of 
the effluent from the 2 Sr columns suggested that increasing volume of rinse solution may slightly elute some 
adsorbed Sr from the column. Almost 100% Y was also seen to pass through the columns.  
Fig. 4. Concentrations Sr and Y in the effluent fractions from 1-3 Sr columns with 4 mL feed in 4 M HNO3. 
 
Table 3.  Portion of Sr and Y in the effluent fractions from 1-3 Sr columns with 4 mL feed in 4 M HNO3. 
Sr column Fraction Sr portion, % Y portion, % 
1 column 
4 M HNO3 57.84 100.00 
0.05 M HNO3 42.16 0.00 
2 columns 
4 M HNO3 0.16 99.36 
0.05 M HNO3 99.84 0.64 
3 column  
4 M HNO3 0.00 100.00 
0.05 M HNO3 100.00 0.00 
 
As the concentrations of Sr and Y in feed were varied and 3 Sr columns were used for the separation with 4 mL 
feed in 4 M HNO3, the results are shown in Table 4. Their concentration profiles are similar to that of the 3 columns 
adsorption in Fig. 4. Adsorption of Sr from all feed concentration was more than 99.9% and few of Y was also 
adsorbed. The calculated adsorption capacity of 3 Sr columns can be as high as 3,811.9 Pg Sr/g resin. 
 
 Pipat Pichestapong et al. /  Energy Procedia  89 ( 2016 )  366 – 372 371
Table 4.  Portion of Sr and Y in the effluent fractions from 3 Sr columns with various feed concentration in 4 M HNO3. 
Feed conc., mg/L 
Fraction Sr portion, % Y portion, % 
Sr Y 
149.8 0.028 
4 M HNO3 0.00 90.77 
0.05 M HNO3 100.00 9.23 
307.2 0.054 
4 M HNO3 0.003 95.58 
0.05 M HNO3 99.997 4.42 
428.2 0.079 
4 M HNO3 0.025 95.83 
0.05 M HNO3 99.975 4.17 
630.1 0.107 
4 M HNO3 0.002 97.67 
0.05 M HNO3 99.998 2.33 
760.3 0.127 
4 M HNO3 0.034 96.64 
0.05 M HNO3 99.966 3.36 
3.2. Separation of Y from Sr with RE resin 
The results for the separation of Y from Sr in various feed acidity using a column of 0.25 g RE resin are shown in 
Fig. 5 and Table 5. It shows that all Sr in every feed acidity was completely adsorbed and their adsorption profiles 
are similar. The adsorption of Y was seen to increase as the feed acidity decreased. This indicates that RE resin 
adsoebs only Y, then Sr can be completely separated. However, the adsorption of Y with RE resin depends on the 
feed acidity. The  high adsorption of Y is favoured as it results in the high recovery of Y in the elute solution, 0.1 M 
HNO3. Y from feed in 7 M HNO3 can be recovered up to 98.16%. 
 
Fig. 5. Concentrations Sr and Y in the effluent fractions from an RE column with 4 mL feed in 4-7 M HNO3. 
 
Table 5.  Portion of Sr and Y in the effluent fractions from an RE column with 4 mL feed in 4-7 M HNO3. 
Feed Fraction Sr portion, % Y portion, % 
4 M 
4 M HNO3 100.00 31.02 
0.1 M HNO3 0.000 68.98 
5 M 
5 M HNO3 100.00 19.88 
0.1 M HNO3 0.000 80.12 
6 M 
6 M HNO3 100.00 3.59 
0.1 M HNO3 0.00 96.41 
7 M 
7 M HNO3 100.00 1.84 
0.1 M HNO3 0.00 98.16 
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3.3. Separation of Y from Sr with combined Sr resin and RE resin 
The combination of 3 Sr columns and 1 RE column was found to be able to separate Y from Sr in 4 M HNO3 
effectively as shown in Table 6. The recovery of Y in 0.1 M HNO3 fraction or fraction of Y product was 83.81%. 
Trace of Sr in the Y product was non-detectable as the Sr concentration may be lower than 0.0003 mg/L which is the 
detection limit of the ICP-AES spectrometer for Sr species. For the feed in 4 M HNO3 with trace of Sr-90/Y-90, the 
purity of obtained Y product was determined using extraction paper chromatography (EPC) method [7]. The beta 
activities of the Y-90 product and the isolated trace of Sr-90 were measured by scaler rate meter (Ludlum, model 
2200). It was found that the activity ratio of Sr-90 to Y-90 was in the order of 10-4. Radioactive feed of Sr-90/Y-90 
in 7 M HNO3 was also employed and it was found that the recovery of Y-90 determined from its beta activity could 
be increased more than 90%. 
 
Table 6.  Portion of Sr and Y in the effluent fractions from the combined Sr and RE columns with feed in 4 M HNO3. 
Feed conc., mg/L 
Fraction Sr portion, % Y portion, % 
Sr Y 
760.3 0.124 
0.05 M HNO3 99.98 1.80 
4 M HNO3 0.02 14.39 
0.1 M HNO3 ND 83.81 
4. Conclusions 
The separation of Y from Sr in 4-7 M HNO3 with extraction chromatography technique has been investigated 
using Sr resin and RE resin and feed mixture of Sr and Y in equilibrium concentration ratio of Sr : Y at 756 : 0.18. 
Sr resin is Sr selective resin while RE resin is Y selective resin. It requires a series of 3 columns packed with 0.35 g 
Sr resin each to adsorb Sr up to 4 mg from 4 mL feed in 4 M HNO3. Y is barely adsorbed by Sr resin. A column 
packed with 0.25 g of RE resin can be used to purify Y in effluent from Sr column. The adsorption of Y with RE 
resin increases with the increasing acidity of feed of 4-7 M. The adsorbed species can be eluted with dilute nitric 
acid, 0.05-0.1 M. The study of feed spiked with Sr-90/Y-90 was performed using combined 3 columns of Sr resin 
and 1 column of RE resin and it was found that high purity of Y could be obtained. The activity ratio of Sr-90 to Y-
90 in Y product was in the order of 10-4 which may require further study to improve the efficiency of the separation 
process. The process was found to be easy to operate continuously and there is no need for the treatment of the 
intermediate solution in the process. 
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